I0P Publishing

@ CrossMark

RECEIVED
5 April 2016

REVISED
14 August 2016

ACCEPTED FOR PUBLICATION
2 September 2016

PUBLISHED
28 September 2016

Methods Appl. Fluoresc. 4(2016) 044002

doi:10.1088/2050-6120/4/4/044002

Methods and Applications in Fluorescence

PAPER

Assessment of alginate hydrogel degradation in biological tissue
using viscosity-sensitive fluorescent dyes

Tatiana V Shkand', Mykola O Chizh', Iryna V Sleta', Borys P Sandomirsky', Anatoliy L Tatarets”

and Leonid D Patsenker "’
1

Kharkiv 61015, Ukraine

Ukraine

- o e W

Author to whom all correspondence should be addressed.

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences of Ukraine, 23 Pereyaslavskaya Str.,
State Scientific Institution ‘Institute for Single Crystals’ of the National Academy of Sciences of Ukraine, 60 Lenin Ave., Kharkiv 61001,

Department of Chemical Sciences, The Faculty of Natural Sciences, Ariel University, Ariel 40700, Israel’
SETA BioMedicals, LLC, 2014 Silver Ct East, Urbana 61801, IL, USA

Publisher’s note: Whilst IOP Publishing adheres to and respects UN resolutions regarding the designations of territories (available at

www.un.org/press/en), the policy of IOP Publishing is to use the affiliations provided by its authors on its published articles.

E-mail: cryo_tatyana@mail.ru and leonid.patsenker@gmail.com

Keywords: alginate hydrogel, implant, drug carrier, biodegradation, fluorescence imaging, viscosity-sensitive dye

Abstract

The main goal of this study is to investigate a combination of viscosity-sensitive and viscosity-
insensitive fluorescent dyes to distinguish different rheological states of hydrogel based biostructural
materials and carriers in biological tissues and to assess their corresponding location areas. The
research is done in the example of alginate hydrogel stained with viscosity-sensitive dyes Seta-470 and
Seta-560 as well as the viscosity-insensitive dye Seta-650. These dyes absorb/emit at 469/518, 565/591
and 651/670 nm, respectively. The rheological state of the alginate, the area of the fluorescence signal
and the mass of the dense alginate versus the calcium gluconate concentration utilized for alginate
gelation were studied in vitro. The most pronounced change in the fluorescence signal area was found
at the same concentrations of calcium gluconate (below ~1%) as the change in the alginate plaque
mass. The stained alginate was also implanted in situ in rat hip and myocardium and monitored using
fluorescence imaging. In summary, our data indicate that the viscosity sensitive dye in combination
with the viscosity-insensitive dye allow tracking the biodegradation of the alginate hydrogel and
determining the rheological state of hydrogel in biological tissue, which both should have relevance for
research and clinical applications. Using this method we estimated the half-life of the dense alginate
hydrogel in a rat hip to be in the order of 4 d and about 68 d in rat myocardium. The half-life of the
dense hydrogel in the myocardium was found to be long enough to prevent aneurysm rupture of the
left ventricle wall, one of the more severe complications of the early post-infarction period.

1. Introduction

Biodegradable polymeric hydrogels including
alginate polysaccharide hydrogels are used in
medicine as surgical implants [1, 2] in particular to
prevent heart aneurysm in post-infarction period [3,
4] and to treatadvanced chronic heart failure [5, 6], as
fillers to eliminate bone defects [ 7, 8] and as dressings
on deep infected wounds [9, 10]. Hydrogel based
biomaterials are also used in clinical pharmacology as
transport systems [11] for targeted delivery of drugs
[12, 13] and cells [14, 15], for immobilization and
proliferation of mammalian cells, and as injectable

solutions and pastes with delayed gelation [2] butalso
for many other medical, veterinary and biological
applications [16].

The rheological properties (i.e. mechanical resist-
ance and viscoelastic properties) of hydrogels are
important parameters for specific biological and
medical applications [12] but also for developing new
injectable biomaterials along the path of new medi-
cal device creation [17]. The stiffness of hydrogels has
been reported to be a direct criterion for the differentia-
tion of cell types [18—20]. For drug delivery, hydrogels
should preferentially reduce in viscosity upon injection
and undergo rapid recovery upon removal of the stress
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